Ornithine transcarbamoylase (OTCase; ornithine carbamoyltransferase; carbamoyl phosphate:L-ornithine carbamoyltransferase, EC 2.1.3.3), a major mitochondrial matrix enzyme in ureotelic animals, is synthesized on cytoplasmic ribosomes and translocated across both mitochondrial membranes to the matrix. In an attempt to identify the primary translation product (or an early intermediate) that is the substrate for this transport process, we translated rat liver polysomal RNA in vitro by using the rabbit reticulocyte lysate system. Immunoprecipitation of the [35S]methionine-labeled translation mixture was performed by using monospecific OTCase antiserum and the immunoadsorbent Staphylococcus aureus. Ap proximately 0.3% of total trichloroacetic acid-insoluble r5_ labeled material was specifically precipitated. Analysis of the precipitate by fluorography of a dried sodium dodecyl sulfatelpolyacrylamide gel showed a single major translation product whose mobility corresponded to a polypeptide of 43,000 daltons, a value ;4000 daltons greater than that noted for the "mature" OTCase subunit isolated from rat liver. This translation product was not precipitated by preimmune rabbit serum, and excess unlabeled mature OTCase competed with it for interaction with OTCase antiserum. These results suggest that rat liver OTCase, like a number of other cytoplasmically synthesized organellar proteins, is initially made as a larger precursor that contains an amino acid sequence necessary to confer on OTCase its transport properties. The potential application of these findings to the study of inherited complete OTCase deficiency in humans is discussed.
proximately 0.3% of total trichloroacetic acid-insoluble r5_ labeled material was specifically precipitated. Analysis of the precipitate by fluorography of a dried sodium dodecyl sulfatelpolyacrylamide gel showed a single major translation product whose mobility corresponded to a polypeptide of 43,000 daltons, a value ;4000 daltons greater than that noted for the "mature" OTCase subunit isolated from rat liver. This translation product was not precipitated by preimmune rabbit serum, and excess unlabeled mature OTCase competed with it for interaction with OTCase antiserum. These results suggest that rat liver OTCase, like a number of other cytoplasmically synthesized organellar proteins, is initially made as a larger precursor that contains an amino acid sequence necessary to confer on OTCase its transport properties. The potential application of these findings to the study of inherited complete OTCase deficiency in humans is discussed.
Ornithine transcarbamoylase (OTCase; ornithine carbamoyltransferase; carbamoyl phosphate:L-ornithine carbamoyltransferase, EC 2.1.3.3) is a major enzyme located in the mitochondrial matrix of ureotelic animals (1) . It constitutes 3-4% of the mitochondrial protein (2) , catalyzes the second step of the urea cycle, and is composed of a trimer of identical polypeptide subunits (2) (3) (4) . The "mature" enzyme from bovine, rat, and human liver has a molecular weight of 108,000-114,000; each subunit has a molecular weight of 36,000-38,000 (2) (3) (4) . Because the OTCase subunit is encoded by a nuclear gene on the X chromosome (5, 6) , it is almost certainly synthesized on cytoplasmic ribosomes (reviewed in ref. 7 ). The newly synthesized subunit (or, conceivably, the completed trimer) must then traverse both the outer and inner mitochondrial membranes to achieve its final location in the mitochondrial matrix. The present study is aimed at defining the mechanism of this translocation process.
The transfer of polypeptides into or across membrane bilayers has been most extensively studied for various secretory proteins and has given rise to the so-called "signal hypothesis" (8) . It appears that these proteins are made as larger precursors that are translocated across intracellular membranes while they are being synthesized. Information is now beginning to accumulate regarding the distribution mechanisms for cytoplasmically synthesized proteins ultimately located in various intracellular organelles. Once again, larger precursors have been demonstrated for proteins destined for localization in watermelon glyoxysomes (9) , in the chloroplast stroma of Chlamydomonas (10) and of various higher plants (11, 12) , in the inner mitochondrial membrane of yeast (13, 14) , and in the yeast mitochondrial matrix (15) . However, in these instances, additional posttranslational events appear to be required for the transfer of the precursor into the appropriate organelle and, finally, for the processing of the precursor into the "mature" protein.
To our knowledge, only a single mitochondrial matrix protein from mammalian sources has been examined in this way. Shore et al. (16) Purification and Labeling of OTCase. OTCase was purified from rat liver mitochondria as described by Clarke (2) . The final enzyme preparation had a specific activity of ;225 ,umol of citrulline formed/min per mg of protein when assayed by a slight modification of the method of Nuzum and Snodgrass (17) and was homogeneous on sodium dodecyl sulfate (NaDodSO4)/polyacrylamide gel electrophoresis.
In some experiments purified OTCase was 3H-labeled by using the reductive methylation procedure described by Means (18) . To The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
Isolation of RNA. Rat liver polysomes were isolated as described by Taylor and Schimke (19) , with minor modificatins. The liver homogenate was centrifuged at 27,000 X g for 10 min, using bentonite rather than heparin as an RNase inhibitor. Discontinuous sucrose gradient centrifugation was performed in a Beckman SW 27 rotor (112,000 X g for 2.5 hr) or a Sorvall SS90 vertical rotor (26,500 X g for 100 min) by overlaying -15-ml samples of homogenate supernatant on gradients of 6 ml of 2.5 M sucrose, 12 ml of 1.0 M sucrose, and 2 ml of 0.5 M sucrose. Heparin was also omitted from this step. Polysomes were collected as described (20) and total RNA was extracted according to the method of Palmiter (21) . After being precipitated twice with ethanol, the RNA was dissolved in sterile distilled water at 10 mg/ml and frozen at -150C for use without further purification.
Cell-Free Translation. Micrococcal nuclease-treated rabbit reticulocyte lysate was prepared as described by Pelham and Jackson (22) , and was used for translation exactly as described by Cremer et (Fig. 1, lane b) . To determine which of these bands was OTCase, immunoprecipitation of the translation mixture was performed with partially purified monospecific antiOTCase antiserum, followed by addition of the immunoadsorbent S. aureus (26) . A single major translation product (designated pOTCase), representing t0.3% of total a5S incorporated into trichloroacetic acid-insoluble material, was precipitated under these conditions (Fig. 1, lane d) . This band was not precipitated by control rabbit serum (Fig. 1, lane f) . Furthermore, excess unlabeled mature OTCase competed effectively with the in vitro product for interaction with the antibody (Fig. 1, lane e) , thereby providing additional evidence for the identity of this band.
The molecular weight of nascent pOTCase was then compared with that of mature OTCase isolated from rat liver mitochondria. The two proteins were electrophoresed in adjacent slots of a NaDodSO4/polyacrylamide gel and visualized either by Coomassie blue staining (for unlabeled mature OTCase) or by fluorography (for a5S-Slabeled pOTCase and 3H-labeled The numbers refer to the following standards: 1, bovine serum albumin (68,000); 2, ovalbumin (43,000); 3, aldolase (39,500); 4, aspartate transcarbamoylase catalytic subunit (34,000); 5, chymotrypsinogen (25,700); 6, aspartate transcarbamoylase regulatory subunit (17,000);
7, lysozyme (14,400).
mature OTCase). The data presented in Fig. 1 (lanes c and d) and Fig. 2 show clearly that pOTCase migrated more slowly than mature OTCase, indicating that pOTCase has a higher molecular weight. Quantitation of the molecular weight difference between pOTCase and mature OTCase was determined by comparing their electrophoretic mobilities with those of a number of pure standard proteins (Fig. 3) . Mature OTCase had a mobility.corresponding to a polypeptide with a molecular weight of n-39,000. (15) .
If pOTCase represents the form of the protein that is transported into mitochondria, and if the transport mechanism is similar to the posttranslational process described for other organellar proteins, it should be possible to demonstrate uptake by isolated mitochondria in vitro. One might predict that assembly of the enzymatically active trimer occurs only after transport and processing of individual subunits, but other models, including cotranslational transport, cannot be excluded a priori.
Whatever the mechanism, successful reconstitution of transport in vitro would give us the potential for examining this step in human livers characterized by inherited, complete OTCase deficiency (30) . It is possible that an alteration in the amino acid sequence or conformation of a peptide unique to pOTCase could disturb the transport process and lead to phenotypic consequences indistinguishable from those caused by failure to-synthesize the OTCase polypeptide or by the synthesis of a markedly unstable protein. Interestingly, recent studies of secreted prokaryotic proteins have established a precedent for such compartmentalization mutants. In Escherichia coil, a larger precursor of the maltose binding protein is normally synthesized in the cytoplasm and transported across the cytoplasmic membrane into the outer membrane. Mutants defective in this transport process have been identified and partially characterized (31) . One of these shows cytoplasmic accumulation of the precursor form, caused apparently by a single amino acid substitution that may reside in the amino acid sequence of the peptide responsible for the enlarged size of the precursor, and therefore, likely to confer on the precursor its transport properties.
